Visual recognition of human bodies is more difficult for upside down than upright presentations. This body inversion effect implies that body perception relies on configural rather than local processing. Although neuroimaging studies indicate that the visual processing of human bodies engages a large fronto-temporo-parietal network, information about the neural underpinnings of configural body processing is meager. Here, we used repetitive transcranial magnetic stimulation (rTMS) to study the causal role of premotor, visual, and parietal areas in configural processing of human bodies. Eighteen participants performed a delayed matching-to-sample task with upright or inverted static body postures. Event-related, dual-pulse rTMS was applied 150 ms after the sample stimulus onset, over left ventral premotor cortex (vPMc), right extrastriate body area (EBA), and right superior parietal lobe (SPL) and, as a control site, over the right primary visual cortex (V1). Interfering stimulation of vPMc significantly reduced accuracy of matching judgments for upright bodies. In contrast, EBA rTMS significantly reduced accuracy for inverted but not for upright bodies. Furthermore, a significant body inversion effect was observed after interfering stimulation of EBA and V1 but not of vPMc and SPL. These results demonstrate an active contribution of the fronto-parietal mirror network to configural processing of bodies and suggest a novel, embodied aspect of visual perception. In contrast, the local processing of the body, possibly based on the form of individual body parts instead of on the whole body unit, appears to depend on EBA. Therefore, we propose two distinct cortical routes for the visual processing of human bodies.
Introduction
The human brain has an inherent ability to process information about human bodies, which presumably reflects the primary importance of this class of stimuli for our social life. The "inversion effect" refers to the better visual recognition of specific classes of objects when presented in upright than upside down position. This effect, originally reported for faces (Yin, 1969) , has also been found for bodies (Reed et al., 2003) , and it is seen as an indicator of configural processing (Maurer et al., 2002; Reed et al., 2006a) . However, the neural bases of configural processing for body stimuli are still primarily undefined. Here, we investigated how human bodies are processed in different visual, premotor, and parietal body-related areas.
Visual processing of human bodies involves selective activations of a lateral occipito-temporal area, called extrastriate body area (EBA) (Downing et al., 2001 ). This area responds to the visual presentation not only of the whole body but also of its single parts (Downing et al., 2001 ). Yet, recent studies have shown body-selective responses in the posterior temporal cortex that are reduced by body inversion (Stekelenburg and de Gelder, 2004; Thompson et al., 2005) . One may thus wonder whether EBA may be specifically involved in configural processing of bodies as a complementary counterpart of the fusiform face area (Kanwisher et al., 1997) , which plays an important role in the configural processing of faces (Yovel and Kanwisher, 2005) . Perception of bodies and faces, however, may involve different kinds of configural processing (Reed et al., 2006a) . Indeed, because the relative position of body-part changes during action, body perception requires a fine-grained structural description of the spatial relationships among moving body parts (Reed et al., 2006a) . Viewing body movements engages a fronto-parietal network that matches action observation with action execution (mirror neuron system) (Rizzolatti and Craighero, 2004) . Furthermore, mental transformation of body in space selectively activates superior parietal lobe (SPL) (Bonda et al., 1995) . Recent repetitive transcranial magnetic stimulation (rTMS) studies have shown that the ventral premotor cortex (vPMc) plays a crucial role in the visual discrimination of body actions (Pobric and Hamilton, 2006; Urgesi et al., 2007) . What remains unclear is whether the body processing in premotor and parietal areas involves overall configurations, or local details of human bodies.
Here, we used event-related rTMS to create temporary inactivation of striate and extrastriate visual cortex and premotor and parietal areas during visual processing of upright and inverted body postures. Although neuroimaging studies cannot establish whether activity in these areas is crucial to body processing or merely epiphenomenal, using rTMS allowed us to explore the causal link between neural activity and specific neural processes putatively involved in body perception. By using the body inversion effect as a measure of configural processing, we predicted the fate of upright and inverted postures perception after rTMS inactivation of areas supposedly belonging to the configural or to local processing systems. Normal perception of upright bodies may rely both on a configural system for processing whole-body shape and also a local system for processing body-part details. Body inversion disrupts configural processing (Reed et al., 2006a) . Therefore, we predicted that rTMS interference with configural processing areas should selectively disrupt processing of upright bodies. In contrast, interference with local processing areas should disrupt processing of inverted bodies (Fig. 1 ).
Materials and Methods
Participants. Eighteen healthy individuals (16 women) aged 20 -30 years (mean, 24.4 years) were recruited for the study. All participants were right handed according to a standard handedness inventory (Briggs and Nebes, 1975) . They had normal or corrected-to-normal visual acuity in both eyes and were naive as to the purposes of the experiment. Participants gave their written informed consent and were paid 15 Euros for their participation in the study. The procedures were approved by the ethics committee of the Fondazione Santa Lucia (Rome, Italy) and were in accordance with the ethical standards of the 1964 Declaration of Helsinki. None of the participants had neurological, psychiatric, or other medical problems or any contraindication to rTMS (Wasserman, 1998) . No discomfort or adverse effects during rTMS were reported or noticed.
Stimuli and task. Experimental stimuli were color pictures of body postures taken with a digital camera in front of a neutral chromablue background. Postures involved different lower-and upper-limb configurations of the left and right side of the body (Fig. 2 A) . The body stimuli were chosen to be similar to those previously shown to activate EBA (Downing et al., 2001) . The postures involved complex configurations of body parts in space, which might be expected to activate SPL (Bonda et al., 1995; Buccino et al., 2001; Calvo-Merino et al., 2005) . In addition, although static images of body postures were used, the stimuli clearly showed the body in a range of different, noncanonical postures. Participants performed the matching-to-sample task schematically represented in Figure 2 B. On each trial, participants were presented with a single, 100 ms lasting body posture, followed by a 500 ms mask. On mask disappearance, a stimulus showing two postures was presented. Subjects were asked to decide, as accurately and fast as possible, which stimulus in the pair matched the previously seen single sample. In half of the trials, the sample and the probe stimuli were shown in their canonical upright position, whereas they were inverted in the other half of the trials. In keeping with our previous studies (Urgesi et al., 2004 (Urgesi et al., , 2007 , the rTMS train was triggered by the presentation of the sample stimulus. Therefore, rTMS was supposed to interfere with perceptual processing rather than with response programming, which occurred much later. Studies have shown that rTMS may induce site-independent, nonspecific effects on manual responses [e.g., shortening of response latencies (Terao et al., 1997; Sawaki et al., 1999) ] that may mask site-specific modulations of performance. Our matching-to-sample paradigm aimed to separate the phase of stimuli perception from the response phase, thus ruling out any confound of nonspecific rTMS effect on manual responses. The temporal relationship between rTMS trains and presentation of the sample stimulus was designed to interfere with its perception. Indeed, the first pulse was delivered 150 ms after the sample onset, a stimulation timing that is thought to interfere with perceptual processing in extrastriate (Amassian et al., 2002; Urgesi et al., 2004) and premotor (Urgesi et al., 2007) cortex. One may note that our task required both perceptual processing and memory of the sample stimulus and that rTMS may have affected the maintenance of the sample stimulus in visual working memory. Although this possibility cannot be excluded, it should be noted that rTMS effects on memory functioning have been reported with longer and more delayed trains (Oliveri et al., 2001; Postle et al., 2006; Luber et al., 2007) . Moreover, maintenance in visual working memory seems to be supported by activations of inferior and middle temporal areas that are involved in the visual processing of the same stimuli (Ranganath and D'Esposito, 2005) .
Twenty single samples were used. Half of the single samples reproduced standard body positions selected from the classical ballet-style repertoire; the other half was obtained by combining the upper or the lower part of each classical ballet posture with that of a comparable posture of a different dance-style repertoire. During the matching phase, the sample stimulus was presented along with a distractor posture that differed in upper-limb configuration in half of the trials and in lowerlimb configuration in the other half. This allowed us to control and balance the body-part differences on which the discrimination task is supposedly based. Thus, 20 pairs of postures were used for the matching phase (examples of the pairs are shown in Fig. 2 A) . For each pair, one of the postures was a standard dance posture, and the other was a combined dance-like posture. We balanced across pairs the presentation of the original classic ballet postures or of the combined postures as sample stimuli. None of participants had extensive experience with dance or knew the names of the dance postures. Moreover, half of the stimuli were nonstandard adaptations of dance postures, specifically to discourage use of verbal/conceptual knowledge in the match-to-sample task. In view of this, it is highly unlikely that the combined postures used in our study were semantically categorized by the participants. All of the postures were performed by a male actor with experience in dance movements. The actor wore a fit black suit during the photo session to emphasize the appearance of body configurations. For each pair, the stimuli were matched for perspective and luminance. The color pictures were edited The symbol X is used to indicate that recognition of inverted bodies is not based on configural processing. Instead, configural processing is thought to be used primarily for upright postures. Interfering with the configural system should reduce or suppress body inversion effects. In contrast, inhibiting local processing body areas should increase body inversion effect.
by means of the Adobe Photoshop software (Adobe Systems, San Jose, CA). The background was removed, and the actor's face was blurred to ensure that discrimination performance relied on body rather than facial cues. To create the inverted stimuli, the original stimuli were rotated 180°. Thus, experimental stimuli consisted of 20 pairs of upright and 20 pairs of inverted postures.
TMS. Participants wore a tightly fitting bathing cap on which the stimulation points of the scalp were marked. For each participant, the resting motor threshold for the first dorsal interosseous muscle of the right hand was determined. Surface Ag/AgCl electrodes were placed in a belly-tendon montage. An electromyographic signal was amplified at a gain of 1000ϫ by a Digitimer (Hertfordshire, UK) D360 amplifier, bandpass filtered (20 Hz to 2.5 kHz), and digitized (sampling rate, 5 kHz) by means of a CED Power 1401 controlled with Spike 2 software (Cambridge Electronic Design, Cambridge, UK). The resting motor threshold, defined as the lowest intensity able to evoke 5 of 10 motor-evoked potentials with an amplitude of at least 50 V, was determined by holding the stimulation coil over optimal scalp position (i.e., the motor cortex area controlateral to the right hand producing the largest potentials) for the first dorsal interosseous muscle.
Stimulation sites were identified on each participant's scalp with the SofTaxic Navigator system (EMS, Bologna, Italy). In keeping with the hemispheric dominance previously reported in studies of premotor function (Rizzolatti and Craighero, 2004 ) and of EBA (Downing et al., 2001 ), we delivered rTMS over the left vPMc, right EBA, and right SPL. Coordinates in Talairach space (Talairach and Tournoux, 1988) were automatically estimated by the SofTaxic Navigator from a magnetic resonance imaging-constructed stereotaxic template. The scalp locations that corresponded best to left vPMc and to right EBA and SPL coordinates ( Fig. 3 ) were identified and marked with a pen. Moreover, an occipital site 2 cm above and 2 cm lateral to the inion on the right, corresponding to primary visual cortex (V1), was targeted to control for nonspecific effects of rTMS on visual perception. rTMS was performed by connecting two Magstim Model 200 stimulators with Bistim module (The Magstim Company, Carmarthenshire, Wales, UK), producing a maximum output of 1.75T at the coil surface (stimulus attenuation, 22%; duration, 1 ms; rise time, 110 s). Two pulses were delivered with an interstimulus interval of 100 ms by means of a 70 mm figure-eight stimulation coil (Magstim polyhurethane-coated coil). In keeping with previous studies showing an rTMS-suppressive effect on EBA and vPMc (Urgesi et al., 2004 (Urgesi et al., , 2007 , the first rTMS pulse was delivered 150 ms after the onset of sample presentation. At this time interval, the stimulation of V1 is generally ineffective on visual tasks (Amassian et al., 2002) ; thus, V1 stimulation served as the control site for the nonspecific effect of rTMS per se. The same pulse delay and stimulation intensity was used for the four stimulation sites. Stimulation intensity was 120% of the resting motor threshold for both pulses and ranged from 37 to 65% (mean, 51.7%) of the maximum stimulator output. During stimulation of the four sites, the coil was held by hand tangential to the scalp, with the handle pointing backward and medially at a 45°a ngle from the middle sagittal axis of the participants' head. The position of the coil with respect to the marks was checked continuously. During stimulation, participants wore commercial earplugs to protect their hearing. None of the participants reported phosphenes or muscular twitches after rTMS of any cortical site.
Procedure. Each participant was tested in a single experimental session lasting ϳ2 h. Participants completed a 20-trial practice block before proceeding to the experimental blocks. During the experimental session, two blocks of 20 trials were presented for each stimulation site. For each participant, each of the four stimulation conditions was repeated twice according to an across-subjects counterbalanced sequence. In each block, 10 upright and 10 inverted stimuli were randomly presented, for a total of 20 upright and 20 inverted trials per stimulation site. A short rest was allowed before proceeding to a different block. Participants sat 57 cm away from a 17 inch monitor (resolution, 1024 ϫ 768 pixels; refresh frequency, 99 Hz), where stimuli appeared on a white background and subtended a 8 ϫ 9.1°square region around the fovea. Stimuluspresentation timing, rTMS triggering, and randomization were controlled by a custom software created using Matlab (MathWorks, Natick, MA) and the Psychophysics Toolbox extensions. During the experiment, all participants had their chin restrained and their head aligned with the center of the viewing screen. Eye position was monitored, and fixation was checked continuously during tachistoscopic presentation by means of a rear view mirror. A trial started with the presentation of a central fixation point lasting 500 ms. The sample stimulus was presented for 100 ms at the center of the monitor. Image persistence was limited by presenting a random-dot mask (9.1 ϫ 9.1°in size; duration, 500 ms). During mask presentation, a dual-pulse rTMS train was delivered 150 ms after the onset of the sample stimulus. Immediately after the disappearance of the mask, the two probe stimuli appeared and remained on the screen until a response was made. Participants were asked to respond by using their right index or middle finger to press the left or the right key, respectively, on a custom-made response box. Each key corresponded to one of the two positions on the screen on which the probe stimuli were presented; the position of the probe stimuli was randomized in each trial. Because in a previous study (Urgesi et al., 2007 ) the interfering effects of stimulation of EBA and vPMc in the left or in the right hemisphere were independent from the responding hand, all participants used their right hand. Reaction times (RTs) and accuracy were automatically recorded and stored for analysis. After the rTMS session, each single posture used in the experimental sessions was presented in a counterbalanced order on the computer monitor. Each participant was asked to judge the perceived amount of the motion implied in each image on a 7-point Likert-like scale, with 1 indicating "no effect" and 7 indicating "maximal effect imaginable."
Data handling. For each stimulation site, we computed individual mean percentages of correct responses for the upright and the inverted postures as an index of accuracy (20 trials per cell). Moreover, RTs to correct responses provided a speed index. To directly compare the site-specific effect of rTMS on body inversion effect and to protect us from capitalizing on significance threshold, we computed the ratio between matching accuracy for inverted and upright postures (body inversion effect ratio) for each target site stimulation. Body inversion effect ratios for EBA, SPL, and vPMc rTMS were then normalized with respect to the body inversion effect index for the V1 control stimulation site (e.g., [target area Ϫ control area]/[target area ϩ control area]). This procedure allowed us to directly test the effect of rTMS independently of the individual differences in the absolute level of body inversion effect. Data were submitted to separate repeatedmeasures ANOVA, with a significance threshold of p Ͻ 0.05. Post hoc multiple comparisons were performed using the Duncan test.
Results
In the present study, we used rTMS to create temporary inactivation of specific cortical areas during visual body processing, an approach that allowed us to explore the causal influence of neural activity in these areas on the type of processing strategy adopted for body perception. We presented upright and inverted body postures while stimulating striate and extrastriate visual cortex and premotor and parietal areas. We compared performances for accuracy and RTs for upright and inverted postures after stimulation of the four target sites. Although rTMS may not reach body-selective fusiform areas (Peelen and Downing, 2005a) , this technique is particularly appropriate to interfere with neural activity of areas located on the lateral surface of the cortex. Therefore, we targeted three body-related lateral areas and tested their role in configural or local body processing. We predicted that interfering with configural or local systems should impair upright or inverted body postures, respectively. In particular, interference with the configural system is expected to disrupt processing of upright postures, while leaving intact the perception of inverted postures. In contrast, interference with the local system should disrupt local processing of body-part details in the inverted postures, while leaving intact the perception of upright postures.
A two-way repeated-measures ANOVA was performed on accuracy, with orientation (upright, inverted postures) and stimulation site (V1, EBA, SPL, vPMc) as within-subjects variables (Fig. 4 A) . The main effect of orientation was significant (F (1,17) ϭ 16.26; p ϭ 0.001; p 2 ϭ 0.489), because observers were more accurate for matching upright (87.71 Ϯ 1.5%) than inverted (82.92 Ϯ 1.54%) postures. This result indicates that the reduction in matching accuracy for inverted bodies in our study is comparable to that found in previous reports (Reed et al., 2003 in processing upright postures after vPMc rTMS was not significantly different from processing of inverted postures after stimulation of V1 ( p ϭ 0.787) and SPL ( p ϭ 0.282). This shows that the interference effect of vPMc rTMS was so profound to abolish the advantage of processing upright versus inverted bodies. Therefore, vPMc interference had a specific and strong effect on configural processing. In contrast, stimulation of EBA disrupted local processing of inverted bodies while leaving intact the configural processing of upright postures. Matching inverted postures after stimulation of EBA was significantly less accurate than matching upright postures not only after stimulation of V1 ( p Ͻ 0.001) and SPL ( p Ͻ 0.001) but also after stimulation of vPMc ( p ϭ 0.028). This result may derive from two additive effects, namely the inhibition of areas purportedly involved in local processing and the inherent difficulty in using configural strategies when processing inverted bodies. This speaks in favor of the specific influence of EBA on local processing. In summary, we show a double dissociation of vPMc and EBA in configural and local processing of human bodies. We further investigated the "virtual lesion" effect of areas supposedly involved in perceptuo-motor analysis of human bodies. We compared changes of body inversion effect induced by interference with cortical structures supposedly involved in local (EBA) or configural (SPL, vPMc) body processing. We first generated a single quantity to estimate the inversion effect, by taking the ratio of accuracy for inverted postures to upright postures at each site. We then normalized these ratio estimates for EBA, SPL, and vPMc to the same ratio after V1 stimulation (Fig. 5A) . This allowed us to directly test the effect of rTMS independently from individual differences in the absolute level of body inversion effect. Figure 5A suggests that body inversion effect after stimulation of EBA was significantly higher than after stimulation of SPL and vPMc. A one-way repeated-measures ANOVA with stimulation site as the within-subjects variable confirmed this suggestion by showing that rTMS caused a site-specific modulation of body inversion effect (F (2,34) ϭ 5.89; p ϭ 0.006; p 2 ϭ 0.257). Indeed, the effect of EBA rTMS on the body inversion effect (3.27 Ϯ 1.82%) was significantly higher than the effect of SPL (Ϫ1.86 Ϯ 1.81%; p ϭ 0.013) and vPMc rTMS (Ϫ3.08 Ϯ 1.71%; p ϭ 0.004), which in turn did not differ from one another ( p ϭ 0.541). These results demonstrate site-specific modulations of body inversion effect after interference with EBA and with sensorimotor, frontoparietal sites. Furthermore, a one-sample t test (one-tailed) demonstrated that the increase of body inversion effect after stimulation of EBA was significantly higher than zero (t (17) ϭ 1.8; p ϭ 0.045). In contrast, the reduction in body inversion effect was significantly lower than zero after stimulation of vPMc (t (17) ϭ Ϫ1.8; p ϭ 0.045) but not after stimulation of SPL (t (17) ϭ Ϫ1.03; p ϭ 0.16). Thus, body inversion effect increased after stimulation of EBA and decreased after stimulation of vPMc.
To test the effect of rTMS on latency of responses, we entered mean RTs in a two-way repeated-measures ANOVA with orientation and stimulation site as within-subjects variables (Fig. 4 B) . The main effect of orientation was significant (F (1,17) ϭ 15.1; p ϭ 0.001; p 2 ϭ 0.47), because RTs were lower for matching upright (751.3 Ϯ 55.56 ms) than inverted (807.25 Ϯ 65.1 ms) postures. Thus, a stable and reliable body inversion effect was obtained for both the accuracy and the RT data. The main effect of stimulation site (F (3,51) Ͻ 1; p 2 ϭ 0.018) and the interaction orientation by stimulation site (F (3,51) ϭ 1.9; p ϭ 0.142; p 2 ϭ 0.1) failed to reach significance, ruling out any speed-accuracy tradeoff. Therefore, stimulation of vPMc and EBA disrupted discrimination accuracy for body perception, without affecting latency of responses. It is possible to conceive that the site-specific modulation of error rate by rTMS may have masked a possible interfering effect of rTMS on latencies of response.
Previous studies reported that the motor system may be involved in the processing of the motion implied in static images of the human bodies (Urgesi et al., 2006) . To rule out that experimental effects may be accounted for by differences in the implied motion suggested by upright and inverted postures, we collected subjective reports of the perceived intensity of implied motion in the experimental stimuli. After the rTMS session, participants were required to judge on a 7-point Likert-like scale the perceived amount of the motion implied in the upright and inverted body postures stimuli. Individual mean intensity scores of implied motion for upright and inverted postures were compared by means of a t test for dependent samples (two-tailed). A comparable level of implied motion perception was suggested by upright (3.97 Ϯ 0.27) and inverted (4.43 Ϯ 0.27; t (17) ϭ Ϫ1.41; p ϭ 0.178) postures. This shows that the differential modulation of upright and inverted body perception after stimulation of EBA and vPMc was arguably attributable to the representation of the configurations or of body-part details in the different postures, rather than the degree of implied motion.
Discussion
The present study investigated the specific properties of body processing in brain areas that respond selectively to visual presentation of human bodies. We applied event-related rTMS in striate and extrastriate visual areas and in premotor and parietal areas during visual discriminations of upright and inverted body To test the effect of specific cortical virtual lesions on the body inversion effect, inversion ratios after stimulation of EBA, SPL, and vPMc were normalized to the ratio after control stimulation of V1. The normalized body inversion effect ratio was significantly higher after interfering stimulation of right EBA than of right SPL and left vPMc. Error bars indicate SEM. *p Ͻ 0.05. B, Body postures seem to be processed by two partially independent cortical systems: the configural system analyzes body configurations, whereas a local system analyzes body-part details and form features. The present study suggests that configural processing may rely on sensorimotor regions, whereas local processing may rely on visual areas.
postures. Stimulation of left vPMc selectively impaired discrimination of upright body postures but not of inverted body postures. This result suggests that vPMc participates in the configural visual processing of upright bodies but not in the local processing of body-part details. Conversely, EBA rTMS selectively impaired discrimination of inverted postures but did not affect discrimination of upright postures, suggesting that EBA processes bodies according to local rather than configural strategies. Behavioral studies reported that inversion disproportionately impairs the perception of static (Reed et al., 2003) and dynamic (Dittrich et al., 1996; Pavlova and Sokolov, 2000; Clarke et al., 2005) displays of human bodies compared with other objects, thus suggesting a configural processing of human bodies. Here, we tested the possible causative role of visual and sensorimotor neural representations during visual analysis of human body stimuli. We show that rTMS of vPMc but not of EBA disrupted the body inversion effect, thus suggesting that although the former area is crucially involved in the configural processing of human bodies, the latter appears to be involved in the local processing of the body-part details.
Sensorimotor processing of human bodies
Mere observation of body actions activates the vPMc (Buccino et al., 2001; Grezes et al., 2003; Calvo-Merino et al., 2005) , suggesting its involvement in the resonant process though which seen actions are mapped onto the observer's motor system (Rizzolatti and Craighero, 2004) . The motor representations of observed actions may feed back into visual areas and affect perceptual processing by providing the visual system with a fine-grained description of the moving body (Wilson and Knoblich, 2005) . Indeed, the process of monitoring our own body postures and actions interacts with and facilitates the representation of postures and actions of the other people's bodies (Reed and Farah, 1995) . In contrast, self-produced movements of the limbs engender temporal activations within (Astafiev et al., 2004) or in close proximity to (Peelen and Downing, 2005b ) EBA, suggesting a functional link between motor systems and visual body representations. Furthermore, rTMS over vPMc impairs the visual discrimination of static (Urgesi et al., 2007) and dynamic displays of moving body parts (Pobric and Hamilton, 2006) , suggesting that motor representations are necessary for visual discrimination of others' actions. Our study significantly expands previous research by investigating what aspects of visual body stimuli are processed in different body-related areas of the visual and sensorimotor cortices. Our results show that vPMc is required for the configural processing of observed human body postures. This suggests that vPMc provides an embodied representation of whole-body configurations and that we may use our own body representations to represent the body of others.
The possible role of motor representations in the configural perceptual processing of body postures is suggested by the absence of body inversion effect in children with autism spectrum disorder (Reed et al., 2006b ), a clinical condition in which defective neural activity in vPMc during gesture observation has been found (Dapretto et al., 2006) . We therefore posit that altered motor representations of observed actions may impair configural perceptual processing of body postures. In a similar vein, motor representations may be sufficient for configural body processing even in the absence of on-line, proprioceptive representation of the observer' body as indicated by the preserved body inversion effect in a patient with complete somatic deafferentation, but with intact efferent motor signals (Bosbach et al., 2006) . Whether configural processing of body and face stimuli is hard-wired in the brain or develops as a consequence of the experience we have with visual processing other individuals' bodies and faces (Bukach et al., 2006) is still a matter of debate. Our finding that vPMc is crucial for configural processing of body postures would suggest that the experience we have with our own body and movements may have a major influence on cognitive strategies and neural processing implemented during visual analysis of human bodies.
Body inversion effect was also reduced by stimulation of right SPL. Neuropsychological studies indicate that cerebral lesions, particularly when centered on the right parietal lobe, may ensue in specific alterations of the spatial representation of one's own body (Halligan et al., 1995; Aglioti et al., 1996; Berlucchi and Aglioti, 1997; Guariglia et al., 2002) . Neuroimaging studies have documented the activation of right SPL during the task of mental transformation of body in space (Bonda et al., 1995) as well as during action observation (Buccino et al., 2001; Calvo-Merino et al., 2005) . Furthermore, neuroimaging studies show that SPL response to upright moving bodies is higher than to inverted bodies (Thompson et al., 2005) . In a similar vein, the absence of body inversion effect after stimulation of SPL may indicate its involvement in the configural processing of human bodies. However, accuracy in matching upright postures was significantly lower after vPMc than V1 stimulation. No difference with respect to V1 was found after SPL stimulation. Therefore, vPMc may be a more strongly configural processing area than SPL. Although it is plausible that the stimulation delay used in the present study was not particularly adept for detecting the possible involvement of parietal areas in the configural processing of body stimuli, only future studies will clarify this issue.
Visual processing of human bodies
Neuroimaging studies report that visual perception of still and moving bodies selectively activates specific regions of temporoparietal cortex (Downing et al., 2001; Grossman and Blake, 2002; Peelen et al., 2006) . However, little is known about the type of body processing performed in these areas. By using functional magnetic resonance imaging, Thompson et al. (2005) found higher activation during whole-body observation compared with observation of fragmented body parts in bilateral superior temporal sulcus areas and in right lateral temporal cortex close to the EBA location. Moreover, they showed stronger activity in lateral temporal cortex for upright versus inverted biological motion stimuli. This would suggest the involvement of superior temporal sulcus area and of EBA in the configural processing of body movements. However, given the technique used in the study, it was not possible to establish whether changes of neural activity reflected a causal or merely incidental involvement of these areas. It is worth noting that rTMS of superior temporal sulcus areas impairs perception of upright but not inverted biological motion stimuli (Grossman et al., 2005) , thus suggesting that this area plays a crucial role in configural processing of body movements. Superior temporal activations, however, do not occur during observation of static bodies (Grossman and Blake, 2002) , whereas EBA responds to visual presentation of moving as well as still bodies (Downing et al., 2001) . Our study indicates that EBA analyzes bodies by coding the details of human body parts instead of whole-body configurations. This kind of body processing becomes essential when processing the whole-body configuration has been disrupted by inversion. Under naturalistic conditions perceiving the details of human body parts may be crucial for monitoring the body-derived identity of others (Urgesi et al., 2004 (Urgesi et al., , 2007 . Indeed, the configurations of human bodies in space change dramatically during action. Furthermore, the bodies of different individuals may assume exactly the same posture and perform the same movements, so that their configural properties exactly match. In those conditions, the local details of human body parts may be important for person identification.
Two specialized systems for the visual processing of human bodies Inversion of face and body stimuli impairs face and body perception, thus suggesting that these stimuli are processed as whole units. Despite this similarity, configural processing of faces and bodies may be different. Faces may be processed as undifferentiated wholes (Maurer et al., 2002) , whereas configural processing of bodies seems to be based on the spatial relationships among body parts in the context of the whole-body space (Reed et al., 2006a) . Configural processing of faces seems to be subserved by the fusiform face area, whereas the local processing of body-part details may involve activity in occipito-temporal face-selective areas (Haxby et al., 2000) .
The present study shows that configural processing of bodies requires sensorimotor representations rather than visual representation in the extrastriate visual cortex, which seems to be involved in local body processing. We propose that the human brain contains two dissociable and independent routes that are specialized for processing human bodies (Fig. 5B) . One route may process the whole body in a configural manner and involve dorsal system areas, such as vPMc. This suggests that configural processing of bodies may imply the embodiment of observed postures onto the observer's sensorimotor representations. A second route may be specialized for processing local features of the body, such as body parts and body form. EBA, which is part of the ventral system and may be specialized for the processing of human body form and features, may be crucial for local processing of body part details. Future studies are needed to better understand the relative contribution of lateral temporal (Downing et al., 2001 ) and fusiform body-selective areas (Peelen and Downing, 2005a ) to body perception.
